Hypothesis: Long-term outcome is good for a selected group of patients with hepatolithiasis treated with liver resection. Liver resection should also be offered to patients with complex hepatolithiasis such as bilateral stones or those with strictures.
Conclusions:
The long-term outcome after liver resection for hepatolithiasis was excellent for a selected group of patients. Poor outcomes were recorded for patients whose intrahepatic stones were removed primarily by percutaneous choledochoscopy, especially those with strictures. The indication for liver resection for hepatolithiasis should be extended to patients with strictures and those with bilateral stones. A combination of different treatment modalities is necessary to improve the outcome of these patients.
Arch Surg. 2005; 140:993-997 P ERCUTANEOUS CHOLEDOchoscopy has been widely used for the treatment of complex hepatolithiasis. The rate of recurrence of stones or symptoms remains high, especially for those with intrahepatic strictures. [1] [2] [3] [4] [5] In a selected group of patients undergoing liver resection (LR), the result was promising. [6] [7] [8] [9] Most surgeons would advocate resection if the diseased liver was localized to the left side, if it was atrophic, or if there was a suspicion of superimposed malignancy. We report herein on a series of patients with hepatolithiasis who were treated with LR. They were compared and contrasted with patients whose intrahepatic stones were treated primarily by stone removal (SR) via percutaneous choledochoscopy. The selection criteria, patient characteristics, treatment results, and especially the long-term outcomes were analyzed. On the basis of these results, the treatment strategy for patients with complex hepatolithiasis can be modified.
METHODS
Between January 1, 1989, and September 30, 2003, in the Department of Surgery, Queen Elizabeth Hospital, Hong Kong, LR was performed on 52 patients who presented with hepatolithiasis related to recurrent pyogenic cholangitis. All patients with a preoperative diagnosis of cholangiocarcinoma associated with intrahepatic stones were excluded from this analysis. The usual indication for LR was atrophy of liver segments or a lobe. The resection was usually performed through a bilateral subcostal incision. Dissection was performed at the liver hilum. The common bile duct was identified. Choledochotomy was usually performed and the bile ducts were explored. The affected atrophic segments were carefully mobilized and then resected, and as much healthy liver tissue as possible was left behind. Formal lobectomy was performed only if the whole lobe was atrophic.
Vascular inflow was controlled by Pringle maneuver when necessary. Parenchymal dissection was performed by the clamp crushing method or an ultrasonic dissector. The segmental bile duct at the raw surface was cut and deliberately laid open. After hemostasis had been achieved, flexible choledochoscopy was performed through the transected bile duct opening and via the choledochotomy site to examine whether the ductal stricture had been resected and whether all the stones in the rest of the biliary system had been cleared. The transected duct was then sutured with absorbable material. Other procedures such as hepaticojejunostomy or sphincteroplasty were sometimes also performed at the same time. At the end of the operation, a T tube was inserted into the common bile duct through the choledochotomy site, which was repaired. A postoperative cholangiogram was performed via the T tube about 1 week after the operation. Computed tomography was also performed in some complicated cases (Figure 1) . If residual stones were suspected, the T-tube track was dilated 4 to 6 weeks after the operation. Flexible choledochoscopy was performed via the Ttube track to remove the remaining intrahepatic stones.
A retrospective study was done to analyze the patients' characteristics, the results and complications of the procedure, and the long-term outcomes for these patients. The group of patients who underwent LR was compared and contrasted with a group of patients with hepatolithiasis who had undergone what was primarily an SR procedure during the same study period.
The SR procedures included either an open operative exploration of the common bile duct and postoperative choledochoscopic removal via a T-tube track (TTCS) or percutaneous transhepatic choledochoscopic removal of intrahepatic stones (PTCS). Most of the TTCS procedures were performed in the earlier part of the study period, since PTCS was introduced in our department in 1993. Some patients underwent multiple procedures. A total of 174 patients were entered into our analysis during the study period. The numbers of patients who had multiple procedures and the time intervals between the 2 procedures are shown in Figure 2 . Altogether, the 174 patients underwent 52 LRs, 99 PTCSs, and 50 TTCSs.
The patients' characteristics were analyzed. The complexity of stones was graded as simple, a category defined as stones affecting a single segmental duct; moderate, when stones affected more than 1 segmental duct; and complex, with multiple ducts affected. A stricture was defined as the presence of an intrahepatic stenotic duct proximal to the stones, usually less than 2 mm in diameter, or one that required dilation during choledochoscopy. The degree of atrophy of liver segments was graded as mild, moderate, or severe. The success of each procedure in removing the stones was categorized into 2 groups. Overall success included both complete and near-complete removal, where tiny stones remained in peripheral or segregated ducts. All others were regarded as failures. These patients were followed up regularly and the symptoms were charted by means of a symptom score ( Table 1) . Cholangitis or other biliary sepsis occurring during the follow-up period was regarded as an unfavorable event. Patients requiring another operation or procedure to remove stones were also regarded as having had an unfavorable outcome. This was analyzed with the Kaplan-Meier method. The test statistics for equality of recurrence distribution were analyzed with the logrank test. Multivariate analysis was performed by means of multiple logistic regressions to identify independent risk factors that predicted poor outcome in both LR and SR groups. Statistical significance was accepted at PϽ.05. The SPSS version 11.0 software (SPSS Inc, Chicago, Ill) was used to perform the analysis and generate the curves. 
RESULTS
The characteristics of patients in the LR and SR groups are shown in Table 2 . Most of them presented with cholangitis, pancreatitis, or liver abscess. Among the 52 patients who underwent laparotomy for LR, only 19 (36.5%) had not had any previous biliary operations, as compared with 67 (45.0%) of 149 in the SR group. The liver segments resected during the operation were as follows: segment 2, 1 patient; 2 and 3, 33 patients; 2 through 4, 11 patients; 2, 3, and 4a, 3 patients; 5 through 8, 2 patients; 6, 1 patient; and 6 and 7, 1 patient. Two patients were found to have cholangiocarcinoma in the resected specimens. The complications after LR are shown in Table 3 . The overall complication rate was 44.2%. The in-hospital mortality rate was 3.8% (2 patients). Apart from exploration of the common bile ducts, 2 patients had sphincteroplasty and 3 patients had hepaticojejunostomy performed concomitantly. Postoperative choledochoscopy via T-tube track was performed in 7 patients after LR. These patients were included only in the LR group for the study. In the SR group, 3 patients were diagnosed as having cholangiocarcinoma during the choledochoscopic examinations and 4 other patients died in the hospital after the procedure. Two patients in the LR group and 13 patients in the SR group defaulted on their follow-ups within 6 months of their discharge. All of these patients, including the 2 deaths after LR and the 2 patients diagnosed as having cholangiocarcinoma during LR, were excluded from the analysis of the long-term outcome. Three patients had LR done immediately after the failure of PTCS to remove the stones. They were included only in the LR group for long-term outcome analysis. For the remaining 46 patients in the LR group, the length of follow-up ranged from Table 1 . The bilaterality of stones, the presence of stricture, and the presence of atrophy were found to be independent significant risk factors for a poor long-term outcome in patients in the SR group. None of these was found to be a significant risk factor in the LR group (Table 4) .
In a Kaplan-Meier analysis of the occurrence of unfavorable outcome, patients in the LR group were significantly better off than those in the SR group (P=.008; df=1). The chance of occurrence of cholangitis or biliary sepsis was 13.3% at 5 years after LR. Patients in the SR group were divided into 2 further sets of subgroups for analysis, specifically, by the degree of success of the procedure and the presence of stricture. The chance of cholangitis or biliary sepsis at 5 years was 29.3% for those after successful removal of stones and 56.1% for those with failure (Figure 3) . For those without and with stricture, the chance of such an occurrence at 5 years was 26.4% and 43.2%, respectively (Figure 4) . Five other patients in the SR group subsequently developed cholangiocarcinoma during follow-up. The overall incidence of cholangiocarcinoma in all patients was 10 (5.7%) of 174 patients. 
COMMENT
Recurrent pyogenic hepatolithiasis is characterized by its natural course of recurrent cholangitis. 10 Recurrent stone formation and stasis secondary to fibrosis and stricture precipitate biliary sepsis, which presents as conditions such as acute cholangitis, liver abscess, or portal phlebitis. Percutaneous choledochoscopy has become a wellestablished procedure for the removal of stones and dilation of strictures. A high success rate and good results have been reported. [2] [3] [4] [5] 11 The patients in the SR group in our series who had a failure of SR are probably representative of the natural course of the disease in which cholangitis recurs within a short time. For patients whose intrahepatic stones were successfully removed, the occurrence of cholangitis was much delayed compared with those with failure of removal. However, the long-term outcome for both groups was disappointing. [1] [2] [3] [4] [5] In a selected group of patients in whom the disease was localized to 1 lobe or a few segments, resection removed not only the stones but also the associated pathologic changes, including ductal stricture, fibrosis, and microabscess. This has been shown to have good results in previous reports. [6] [7] [8] [9] Comparing the results of the SR and LR groups in our series may not be appropriate, as they represented different groups of patients. However, in this selected group of patients treated with LR, the longterm outcome was excellent. A large proportion of them remained well even 10 years after their resection. The chance of recurrent cholangitis was significantly less than for those in the group that underwent SR.
It was generally agreed at our institution that LR should be offered to patients with associated atrophy of the involved segments, mostly those in whom the left lobe was involved, because of the reduced operative risk. However, this was only feasible in cases where the segments were localized to 1 lobe or to peripheral segments. Associated hypertrophy of the remaining liver segments was not uncommon. Hypertrophy of the quadrate lobe was commonly found in patients with atrophic left lateral segments or hypertrophy of the right anterior segments with atrophic right posterior segments. Segment-oriented resection targeted at removal of the destroyed lobe and preservation of good liver tissue should be the goal. This was shown in our series to have achieved good results. Resection of atrophic segments was not technically difficult, as most of the tissue had been destroyed. Stone removal could also be facilitated through the transected duct orifices. It seems a safe procedure, with the likelihood of postoperative liver failure being remote. Our series showed that the morbidity of LR was 44.2%, compared with 12% to 38.5% in other series. [6] [7] [8] Most of these patients had had previous multiple operations, and there remained a risk of operative mortality of 2% to 4%, as in our series and others. [6] [7] [8] The morbidity and mortality might be comparable to that for percutaneous choledo- choscopic removal of stones. 1, 2, [11] [12] [13] [14] However, the deaths in the latter group of patients were usually related to advanced age or a poor premorbid condition. Right-sided hepatolithiasis was particularly difficult to remove percutaneously, especially when associated with acute ductal angulation. 2, 15, 16 The indication for resection might need to be extended to those with atrophy of the right lobe. The advantages should be judged and balanced against the increased risk.
Should we resect stone-bearing segments that are not atrophic? Intrahepatic strictures have been reported by a number of investigators to have produced poor outcomes. [1] [2] [3] [4] The rate of restenosis was high despite successful dilation of the stricture. 17 In our data, the presence of stricture was shown to be an independent factor that predicted poor outcome in patients with stones that were removed by percutaneous choledochoscopy alone. The recurrence of cholangitis after choledochoscopic removal consistently occurred earlier in those with stricture. This group of patients with stricture would definitely benefit from a more aggressive approach. In patients without stricture yet with numerous stones, resection might be considered. This option should be opened for discussion with the patient. Percutaneous choledochoscopy should be best for patients with intrahepatic stones without stricture or in elderly patients whose life expectancy is short.
The overall incidence of cholangiocarcinoma in association with hepatolithiasis has been reported to be 5% to 16%. [18] [19] [20] This occurred in about 6% of our patients. Some patients found to have cholangiocarcinoma may be young. The occurrence of cholangiocarcinoma is unpredictable in these patients, and early diagnosis could be difficult. Some cases may mimic an abscess. Resection offered an advantage in eliminating the risk of occurrence of cholangiocarcinoma. 21 Thus, a more liberal attitude toward LR should be adopted in case of suspicion.
In this series of patients, LR was performed in patients with localized disease. The results were good when contrasted with those of the SR group, some of whom had very complex hepatolithiasis and strictures. The removal of stones primarily by percutaneous choledochoscopy yielded poor long-term outcomes. Bilateral stones were also shown to be a risk factor for poor outcome in our patients who underwent SR. These patients probably would have had better long-term outcome if LR had been done in combination with percutaneous choledochoscopy, which was usually performed via a postoperative T-tube track. Better results have been shown in a series of patients with bilateral hepatolithiasis treated with left-lobe resection than in those without. 21 However, the optimal management of these complex intrahepatic stones remains a very difficult and challenging task.
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